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Sir: 

I, Robert E. Briggs, declare as follows: 

1. I am named as an inventor in the application referenced above. My curriculum 
vitae is attached as Exhibit 1 . 

2. For the past 21 years I have studied bacterial respiratory disease of cattle and 
sheep years. In the past 12 years I have focused on molecular aspects of P. haemolytica (now 
known as M. haemolytica), P. multocida, and H. somnus, which are the principal bacterial 
etiologic agents involved in respiratory disease of cattle. These efforts resulted in techniques 
that for the first time made it possible to genetically engineer M. haemolytica and H. somnus. 
Using these techniques, we have produced genetically engineered products from each bacterium 
which have proven useful as attenuated live vaccines and for determination of the role played in 
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disease by important bacterial virulence factors. Modified-live products have proven to be 
effective mucosal vaccine candidates against shipping- fever of cattle both in laboratory and field 
trials, A number of products have been constructed which have demonstrated excellent efficacy 
in a multivalent vaccine used in sheep and goats, including an intranasally-delivered vaccine for 
pasteurellosis in bighorn sheep. 

3. We conducted four field trials to evaluate oral or intranasal exposure to vaccines 
containing live lyophilized or previously lyophilized but reconstituted live leukotoxin-deficient 
M. haemolytica bacteria on the health and performance of feedlot cattle freshly placed into an 
experimental feedlot. In each trial, the leukotoxin-deficient M haemolytica in the vaccine 
(D153AlktA34-378) do not express a biologically active leukotoxin, express a mutant leukotoxin 
protein that lacks amino acids 34-378, and contain no non-M haemolytica DNA. The trials took 
place in the period from the Fall of 1 998 through the Fall of 2003. 

4. The first trial, conducted in the Fall of 1998, tested the efficacy of a vaccine 
containing reconstituted (formerly lyophilized) live bacteria administered by top-dressing on 
feed. This trial involved two groups of mixed breed beef calves weighing approximately 500 
pounds each. One group (n=100) was procured predominantly from local sales barns by a 
reputable order-buyer in southwestern Arkansas (high-risk calves). The calves were collected at 
the order-buyer facility over a period of two days and appeared healthy and alert on the third day 
when they were processed. The calves were ear-tagged with sequential numbers. To yield an 
evenly balanced group of vaccinates and non-vaccinates, the odd-numbered calves were cut to a 
pen separate from even-numbered calves as they left the working chute. The second group 
(n=120) was collected concurrently from a single ranch in New Mexico, similarly ear-tagged, 
and cut to separate pens (low-risk calves). 
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5. The two groups, held at separate facilities about 800 miles apart, were given 
grass hay (25 pounds) and a pelleted starter ration (150 pounds) spread in 40 feet of feed bunk 
onto which the M. haemolytica vaccine was top-dressed. The vaccine consisted of 
approximately 50 grams of lyophilized powder containing approximately 10 9 CFU of 
bacteria/gram reconstituted in 1 liter Earle's Balanced Salt Solution, yielding a dose per calf of 
approximately 10 9 CFU / head (assuming all the feed is eaten and all the calves eat equally). The 
liquid was poured onto the feed in the bunks without further mixing into the feed. Non- 
vaccinated calves were similarly fed without top-dressed vaccine. 

6. Vaccinates were held separately from non- vaccinates. Three days later, both 
groups of calves were trucked to an experimental feedyard in New Mexico (Clayton Livestock 
Research Center, New Mexico State University). Vaccinates were separated from non- 
vaccinates on separate decks of a semi-trailer (Arkansas calves) or on separate gooseneck trailers 
(ranch calves). On arrival at the feedyard, all calves received a clostridial vaccine product, 
Vitamins A, D, and E, pour-on wormer, and a modified-live IBR/PI-3 (bovine rhinotracheitis / 
parainfluenza 3) viral product. Nasal swabs and blood serum specimens were collected, and 
individual calf weights were recorded on the day of arrival and weekly thereafter for a period of 
28 days. 

7. Upon arrival at the feedyard, two low-risk calves were dead and one low-risk calf 
was moribund on the semi-trailer from Arkansas. All were non-vaccinates. Over the next three 
days, five additional non-vaccinated high-risk calves died, bringing the total mortality of this 
group to 8 calves (16%). Post-mortem showed cranio ventral fibrinous pneumonia typical of 
pneumonic pasteurellosis. Culture results confirmed large numbers of M. haemolytica. In some 
calves, both M. haemolytica and P. multocida were present. In contrast, only two vaccinated 
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low-risk calves died (4%) over the course of the trial. One was a calf that exhibited an extended 
period of diarrhea and weight loss and died 10 days into the trial. This calf had lobular 
pneumonia, which yielded a pure culture of P. multocida. The other calf died near the end of the 
trial with multifocal pulmonary abscesses (typical of Mycoplasma bovis), and culture confirmed 
M. bovis infection. No death loss occurred among the low-risk calves, and their weight gain over 
the course of the trial exceeded that of non-vaccinates by 25%. 

8. We conducted a second trial in the Fall of 2000 in which a lyophilized culture of 
the leukotoxin-deficient M. haemolytica was reconstituted and injected intranasally. This trial 
tested the effect of intranasal exposure to the live bacteria present in the reconstituted preparation 
on nasopharyngeal colonization by wild-type M. haemolytica in calves at the time of feedyard 
arrival. The trial involved 200 calves. Half the calves were purchased from an order buyer barn 
in Arkansas (AR calves; n = 100; mean body weight, 205 kg). The other calves were obtained 
from a single ranch in New Mexico (NM calves; n = 100; mean body weight, 188 kg). The 
calves were transported to a feedyard. At the time of arrival, a reconstituted preparation of the 
leukotoxin-deficient bacteria was administered intranasally to half of each group. 

9. Calves were observed daily for respiratory tract disease (RTD). Nasal swab 
specimens were collected periodically to determine nasopharyngeal colonization status with M. 
haemolytica. Serum samples were assayed for antibodies to M. haemolytica. Fifteen AR calves 
had nasopharyngeal colonization by wild-type MH at the order buyer barn, whereas none of the 
NM calves had nasopharyngeal colonization. The intranasal exposure to the reconstituted, live 
leuktoxin-deficient bacteria elicited an increase in serum antibody titers against M. haemolytica 
in NM calves, but titers were less in NM calves treated for RTD. 
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10. These results demonstrate that exposure of NM calves to the reconstituted, live 
(previously lyophilized) leukotoxin-deficient bacteria offered protection from nasopharyngeal 
colonization by wild-type M. haemolytica. It is noteworthy that the intranasal vaccination was 
done after arrival at the feedyard, timing generally considered far too late to offer any benefit by 
conventional vaccination strategies. This trial is reported in Frank et al, "Effect of intranasal 
exposure to leukotoxin-deficient Mannheimia haemolytica at the time of arrival at the feedyard 
on subsequent isolation of M haemolytica from nasal secretions of calves," Am J Vet Res. 2003 
May;64(5):580-5 (Exhibit 4). 

11. We conducted a third field trial in the fall of 2002 to evaluate a single-dose 
combination Mannheimia haemolytica I Pasteurella multocida edible modified-live vaccine 
formulation in beef calves. An additional experiment was superimposed within the trial to 
evaluate a commercial viral combination vaccine given twice before field exposure to calves 
known to be persistently infected with BVDV. Eighty- four approximately 225 kg mixed 
English breed beef calves 7-9 months of age were obtained by an order-buyer from a single cow- 
calf herd in southwestern Arkansas in mid-September. The calves were shipped to the order- 
buyer the afternoon prior to the day of processing. 

12. On the day of processing,, all calves were bled by jugular venipuncture for serum 
and EDTA specimens, wet and dry nasal swab specimens were collected, and rectal temperatures 
were recorded. Calves received consecutively numbered ear tags. Calves with odd-numbered 
tags received a modified-live combination viral vaccine product (Jencine 4, Schering-Plough) 
subcutaneously (left mid-cervical). Consecutive pairs of calves were cut to separate pens as they 
left the working chute to randomly assemble two groups of 42 calves each, balanced for virus 
vaccine treatment. These groups were held confined in separate pens overnight after processing, 
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with water but no feed and with no contact with other calves, to allow the calves to acclimate and 
increase their desire to eat. 

13. The vaccine consisted of M. haemolytica strain D153AlktA34-378 and P. 
multocida strain P1062AhyaE. Late logarithmic growth was obtained in separate 100 ml 
Columbia broth cultures grown at 37°C with shaking. The cultures were combined and mixed 
with an equal volume (200 ml) 2X skim milk, which was then frozen at -80°C in a tray for 
lyophilization. After 4 days of lyophilization at 20°C shelf temperature, the material was crushed 
into powder and weighed. A portion representing 1 ml of the original culture was reconstituted 
and assayed by duplicate culture of serial dilutions. Colony counts indicated the 47 grams of 
recovered lyophilized powder contained 9x10 CFU M. haemolytica and 8.8 x 10 P. multocida 
per gram. The powder was stored in two ziplock bags, 20 grams each, and kept at -70°C or on 
dry ice until use. At the time of vaccination, one packet was mixed into 500 ml Earle's Balanced 
Salt Solution and then top-dressed onto feed in bunks sufficient to allow all calves to feed 
simultaneously. 

14. The next day, about 36 hours after arrival, one group of calves received the oral 
vaccine preparation top-dressed onto 50 pounds of pelleted calf ration and Vi bale (12 kg) fresh 
grass hay. The control group of calves received feed similarly without vaccine. Most of the 
calves fed within 5 minutes of feed placement, and the bulk of the feed was consumed within 20 
minutes. 

15. Two days after vaccination the two groups of calves were placed into separate 
grass pastures. No contact was allowed between these two groups, and contact with other cattle 
was minimized to across-fence contact with few adult cattle. The goal was to minimize the 
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possibility that non-vaccinates might become exposed to the modified-live vaccine organisms 
likely to be shed to some degree by the vaccinates and to limit the possibility that wild-type 
Mannheimia or Pasteur ella might be obtained from non-experimental calves. The calves were 
held under these conditions for 23 days, then loaded onto a semi-trailer for overnight shipment to 
the Clayton Livestock Research Center in Clayton, New Mexico. Calves were loaded onto 
separate decks of the trailer to further minimize the possibility of spreading the vaccine organism 
to control animals prior to sampling at the feedyard. 

16. Eighteen additional head of calves were procured a few days before shipment 
from local auction markets by the order-buyer. These additional calves were included to supply 
additional and natural exposure to infectious agents by the principal calves, and were loaded on 
the fore and aft decks of the trailer to limit their contact with principal calves prior to initial 
sampling at the feedyard. 

1 7. Upon arrival at the feedyard, the calves were weighed, specimens were collected 
as previously at the order-buyer facility. Virus-vaccinates were revaccinated, and all calves 
received wormer (Ivomec, Merial) and blackleg vaccine (Ultrachoice 7, Pfizer). The auction- 
market calves were ear tagged consecutively as they went through the working chute, as were 
eight additional calves previously determined to be persistently-infected with bovine viral 
diarrhea virus. Calves were sorted to six pens based on prior random allocation of ear-tag 
numbers, which mixed virus vaccine treatment and bacterial vaccine treatment as nearly as 
possible balanced for both treatment within each pen. Auction-market calves were randomly 
allocated three per pen to all six pens. Persistently-infected calves were non-randomly allocated 
two per pen to the first four pens. Pens were physically situated in a single row and were served 
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by separate feed bunks and waterers, but fences did allow nose to nose contact between adjacent 
pens. 

18. Specimens were collected and body weights were recorded on days 0, 7, 14, and 
35 after arrival at the feedyard. Sick animals were identified by pen riders based on a subjective 
clinical score for nasal and ocular discharge, respiratory rate and effort, body fill, lethargy, gait, 
and general appearance. Animals deemed clinically ill with undifferentiated respiratory disease 
were treated with Tilmicosin and penicillin as the primary antibiotics if their rectal temperature 
was 40 °C or greater. Retreatment was based on the same protocol. 

19. At the order-buyer facility, 20 calves were treated for undifferentiated respiratory 
disease, and two required re-treatment (both non- vaccinates). One control calf died at the order- 
buyer due to a non-infectious injury sustained to its' cervical vertebrae as it interacted with the 
working chute during an effort to restrain it to treat undifferentiated respiratory disease. At the 
feedyard, control calves and bacterial vaccinated calves experienced similar overall pull rates at 
32 (n=41) and 27 (n=42) pulls (potentially sick animals) respectively during the 35 day trial. 
Those which were febrile (and therefore were treated) were 20 and 19 respectively over the 
course of the trial. Calves which required multiple treatments for respiratory disease 
(retreatment) numbered 5 for non- vaccinates and 0 for vaccinates over the course of the trial. In 
comparison, auction-market calves experienced a total of 38 pulls (n=18) of which 22 required 
treatment, and the persistently infected calves experienced 12 pulls (n=8) of which 6 required 
treatment. Mortality was limited to two of the persistently infected calves. 

20. Serum titers against M haemolytica rose significantly in bacterial vaccinates as 
compared to control calves (Exhibit 2). Vaccinates' serum titers remained higher than controls, 
but not auction-market calves, throughout the 35 day trial at the feedyard. Auction-market 
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calves increased their serum titer, probably in response to natural infection, to closely match 
vaccinates within one week after arrival. Persistently infected calves did not respond to M. 
haemolytica, possibly because they were immunocompromised. 

2 1 . Vaccinated calves exhibited significantly greater weight gain (p < 0.01 ) during the 
first weeks of feeding compared to control calves and maintained their advantage through the 35 
day trial (Exhibit 3). Vaccination improved average gain (kilograms of beef on the hoof gained 
after day 0) by 5.3 kg at 7 days on feed, 6.5 kg at 14 days, and 6.1 kg at day 35. Both groups of 
principals showed a gain advantage compared to auction-market calves, about 10.5 kg advantage 
(p < 0.01) among vaccinates and 4.5 kg among non- vaccinates (not significant) than auction- 
market calves. The principals would be expected to perform better than fresh auction-market 
calves due to the approximately 28 days of backgrounding which the principals but not the 
auction-market calves enjoyed. 

22. We conducted a fourth trial in the fall of 2003 using a vaccine containing live, 
dry, lyophilized bacteria. The lyophilized bacterial vaccine was made two years prior to its use 
in the trial. It was not reconstituted, but was top-dressed dry onto feed. The virus revaccination 
was carried out at the order-buyer barn two weeks after the initial vaccination. Twelve calves 
received an experimental killed-virus preparation instead of a modified-live preparation. 
Otherwise, the methods were nearly identical to those used in the 2002 trial. 

23. We are still conducting tests to analyze the results of this trial. Preliminary 
analysis, however, indicates that vaccination conferred an approximately 5 kilogram weight gain 
advantage (p < 0.01), as was observed in the 2002 trial. Sampling at arrival to the feedyard and 
after one week at the feedyard indicates that, despite commingling of vaccinates with non- 



9 



03/22/04 MON 15:10 FAX @002 



vaccinates, vaccination dramatically reduced nasal colonization by virulent M. kaemolytica 
seiotype I (p < 0.001). 

24. Collectively, the four trials described above demonstrate that vaccination with the 
lycphilized or lyophilized and reconstituted vaccine strain: 

• elicits a significant increase in smti-Mannheimia antibodies in calves after 
mucosal administration; 

• reduces shedding and carriage of virulent Mannheimia in a herd (and therefore 
reduces the effective infectious load, an importanl predictor of risk); 

' Sir^ H Cq T ° y ° f re - treatment for "ndifFcrentiated respiratory disease 

S SSZ!,^ CXPCrtS ' V" m ° St re,evant ^icator of calves which 
wilt sutfei permanent performance reduction); 

• reduces the mortality ftom pneumonic pasteurellosis; and 

• increases the weight-gain of vaccinated calves (a very relevant measure of 
economic value to cattle producers). ^ relevant measure of 

25. 1 declare that all statements made herein of my own kno wledge are true and that I 
beli< vc all statements made on information and belief are true and that these statements were 
mad, with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of die application or any patent issuing 
there >n. 

Robert E. Briggs, D.V.M. * ' 
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Exhibit 1 



Dr. Robert E. Briggs 
Curriculum Vitae 

National Animal Disease Center 
2300 Dayton Road 
Ames, IA 50010 

Tel: 515-663-7639 
Fax: 515-663-7458 
Email: bbriggs@nadc.ars.usda . gov 

Educational Background: 

1 975-1 978 Iowa State University; Animal Sciences Pre- Vet 
1978-1982 Iowa State University; DVM 1982 
1982-1988 Iowa State University; MS 1988 

Research Experience: 

1 982-1 985 Postdoctoral Associate, Respiratory Disease of Cattle Research, USDA, ARS, 

NADC 

1 985-present Veterinary Medical Officer, Respiratory Tract Diseases of Ruminants, USDA, 
ARS, NADC 

Invitations in last 5 years: 

Invited to National Cattlemens Beef Association Annual Convention in Charlotte NC, February, 
1998, to present ongoing research on mucosal P. haemolytica vaccine. 

Invited to Schering-Plough Animal Health, Elkhorn, NE, October 1998, to present ongoing 
research on oral vaccination of cattle. 

Invited to Pfizer Central Research, Groton, CT, June, 1999, to present research findings on oral 
vaccination against shipping-fever. 

Invited to Schering-Plough Animal Health, San Diego, CA, October 1999, to present ongoing 
research on mucosal vaccination strategies. 

Invited to US AHA meeting in San Diego, CA, October 1999, to present results of research on 
mucosal P. haemolytica vaccine. 

Invited to USAHA meeting in Birmingham, AL, October 2000, to present progress on mucosal P. 
haemolytica vaccine. 

Invited to Diamond Animal Health/ Agrilabs, St. Joseph MO, October 2001, to present research 
on vaccination strategies for cattle. 
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Invited to National Cattlemens Beef Association Annual Convention in Nashville TN, February, 
2003, to present ongoing research on mucosal P. haemolytica vaccine. 

Ad hoc reviewer for USDA NRI Competitive Grants Program, 1997-2003. 

Referee for the journal "Vaccine", 1 999, 2000. 

External reviewer for Idaho Board of Education Research Center Grant Program, 1998. 



Selected publications: 

Sanders J. D.,Y. Tagawa, R. E. Briggs, and L. B. Corbeil. Transformation of a virulence 
associated gene of Haemophilus somnus into a strain lacking the gene. FEMS Microbiol. Letters. 
154:251-258. 1997. 

Briggs R. E., and F. M. Tatum. Pasteurella haemolytica restriction endonuclease and 
methyltransferase. US Patent 5,683,900 issued November 4, 1997. 

Briggs R. E., and F. M. Tatum. DNA encoding Pasteurella haemolytica Phal restriction 
endonuclease and methyltransferase. US Patent 5,693,777 issued December 2, 1997. 

Briggs R. E., and F. M. Tatum. Chimeric plasmid for introduction of DNA into Pasteurella 
haemolytica. US Patent 5,733,780 issued March 31, 1998. 

Tatum F. M., R. E. Briggs, S. S. Sreevatsan, E. S. Zehr, S. Ling Hsuan, L. O. Whiteley, T. R. 
Ames, and S. K. Maheswaran. Construction of an isogenic leukotoxin deletion mutant of 
Pasteurella haemolytica serotype 1: characterization and virulence. Microb. Pathog. 24: 37-46, 
1998. 

Briggs R. E., G. H. Frank, C. W. Purdy, E. S. Zehr, and R. W. Loan. Rapid spread of a unique 
plasmid of Pasteurella haemolytica serotype 1 among shipped calves. Am. J. Vet. Res. 59: 426- 
430, 1998. 

Briggs R. E., G. H. Frank, and E. S. Zehr. Development and testing of a selectable challenge 
strain of Pasteurella haemolytica for studies of upper-respiratory colonization of cattle. Am. J. 
Vet. Res. 59: 401-405, 1998. 

Straus D. C, C. W. Purdy, R.W. Loan, R. E. Briggs, and G. H. Frank. In vivo production of 
neuraminidase by Pasteurella haemolytica in market stressed cattle after natural infection. 
Current Microbiology 37:240-244. 1998. 

Purdy, C. W., Straus, D. C, Loan R. W., Briggs, R. E., Parker, D. B., Auvermann, B., Chirase, 
N., Storz, J., Williams, P. B. Analysis of endotoxin in feedyard air and playas: Endotoxin effect 
on market stressed feeder calves, pp. 2-3. In Proc. High Plains Beef Conference: Health, 
Nutrition and Environment . 1998. 

Briggs R. E., and F. M. Tatum. Molecular genetic construction of vaccine strains of 
Pasteurellaceae. U.S. Patent 5,840,556 issued November 24, 1998. 
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Briggs R. E., and F. M. Tatum. Construction of Pasteurella haemolytica vaccines. U. S. Patent 
5,824,525 issued October 20, 1998. 

Briggs R. E., and F. M. Tatum. Construction of Pasteurella haemolytica vaccines. U. S. Patent 
5,849,305 issued December 15, 1998. 

Lehmkuhl H. D., R. E. Briggs, and R. C. Cutlip. Survey for antibodies to bovine adenoviruses in 
six- to nine-month-old feedyard cattle. Am J Vet Res 59:1579-1580. 1999. 

Storz, J., Purdy, C.W., Xiaoqing, L., Burrell, M., Truax R.E., Briggs, R.E., Frank, G.H., and 
Loan, R.W. Isolation of respiratory bovine coronavirus, other cytocidal viruses, and Pasteurella 
spp from cattle involved in two natural outbreaks of shipping fever. Journal of the American 
Veterinary Medical Association. 216:1599-1604. 2000. 

Frank G. H., R. E. Briggs, R. W. Loan, C. W. Purdy, and E. S. Zehr. Effects of tilmicosin 
treatment on Pasteurella haemolytica organisms in nasal secretion specimens of calves with 
respiratory tract disease. Am J Vet Res 61 :525-529. 2000. 

Fulton, Robert W., Purdy, C.W., Confer, A.W., Saliki, J.T., Loan, R. W., Briggs, R.E., and Burge, 
L.J. Bovine viral diarrhea viral infections in feeder calves with respiratory disease: Interaactions 
with Pasteurella spp., parainfluenza-3 virus, and bovine respiratory syncytial virus. The Canadian 
Journal of Veterinary Research. 64: 1 5 1 -1 59. 2000. 

Leite, F., Brown, F.J., Sylte, M.J., Briggs, R.E. and Czuprynski, CJ. Recombinant Bovine 
Interleukin-1 Beta Amplifies the Effects of Partially Purified Pasteurella haemolytica Leukotoxin 
on Bovine Neutrophils in a Beta-2-Integrin-Dependent Manner. Infection and Immunity. 
68:5581-5586.2000. 

Storz, J., Lin, M., Purdy, C. W., Chouljenko, V. N., Kousoulas, K. G., Enright, F. M., Gilmore, 
W. C, Briggs, R. E., and Loan, R. W. Coronavirus and Pasteurella infections in bovine shipping 
fever pneumonia and Evans' criteria for causation. Journal of Clinical Microbiology. 38:3291- 
3298. 2000. 

Purdy, C. W., Loan, R. W., Straus, D. C, Briggs, R. E., and Frank, G. H. Conglutinin and 
immunoconglutinin titers in stressed calves in a feedlot. American Journal of Veterinary 
Research. 61:1403-1409. 2000. 

Jeyaseelan S, Kannan MS, Briggs RE, Thumbikat P, Maheswaran SK. Mannheimia haemolytica 

leukotoxin activates a nonreceptor tyrosine kinase signaling cascade in 

bovine leukocytes, which induces biological effects. Infection and Immunity. 69:6131-6139. 

2001. 

Briggs RE, Tatum FM. LKTA deletion mutant of P. haemolytica. U.S. Patent #6,331 ,303. 
December 18,2001. 

Frank GH, Briggs RE, Duff GC, Loan RW, Purdy CW. Effects of vaccination prior to transit and 
administration of florfenicol at time of arrival in a feedlot on the health of transported calves and 
detection of Mannheimia haemolytica in nasal secretions. Am J Vet Res. 63(2):25 1-2566. 2002. 
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Fent GM, Fulton RW, Saliki JT, Caseltine SL, Lehmkuhl HD, Confer AW, Purdy CW, Briggs 
RE, Loan RW, Duff GC. Bovine Adenovirus-7 infections in postweaning calves. Am J Vet Res. 
63(7):976-978. 2002. 

Fulton RW, Ridpath JF, Saliki JT, Briggs RE, Confer AW, Burge LJ, Purdy CW, Loan RW, Duff 
GC, Payton ME. Bovine viral diarrhea virus (BVDV) lb: Predominant BVDV subtype in calves 
with respiratory disease. Can J Vet Res. 66(3): 181-190. 2002. 

Briggs RE, Tatum FM. LktA deletion mutant of P. haemolytica. U.S. Patent #6,495,145. Dec. 
17, 2002. 

Thumbikat P, Briggs RE, Kannan MS, Mahewsaran SK. Biological effects of two genetically 
defined leukotoxin mutants of Mannheimia haemolytica. Microb Pathog. 34(5):2 17-26. 2003. 

Briggs RE, Tatum FM. Molecular genetic construction of vacine strains of Pasteurellaceae. U.S. 
Patent #RE38,028. March 1 1, 2003. 

Frank GH, Briggs RE, Duff GC, Hurd HS. Effect of intranasal exposure to leukotoxin-deficient 
Mannheimia haemolytica at the time of arrival at the feedyard on subsequent isolation of M 
haemolytica from nasal secretions of calves. 
Am J Vet Res. 64(5):580-5. 2003. 

Fulton RW, Step DL, Ridpath JF, Saliki JT, Confer AW, Johnson BJ, Briggs RE, Hawley RV, 
Burge LJ, Payton ME. Response of calves persistently infected with noncytopathic bovine viral 
diarrhea virus (BVDV) subtype lb after vaccination with heterologous BVDV strains in modified 
live virus vaccines and Mannheimia haemolytica bacterin-toxoid. Vaccine. 21(21-22):2980-5. 
2003. 



Briggs RE, Tatum FM. Temperature sensitive plasmids of P. haemolytica. U.S. Patent 
#6,573,093. June 3, 2003. 
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Effect of intranasal exposure to leukotoxin- 

def icient Mannheimia haemolytica 

at the time of arrival at the feedyard 

on subsequent isolation of M haemolytica 

from nasal secretions of calves 

Glynn H. Frank, DVM, PhD; Robert E. Briggs, DVM, MS; Glenn C. Duff, PhD; 
H. Scott Hurd, DVM, PhD 



Objective— To determine the effect of intranasal 
exposure to live leukotoxin (LktA)-def icient 
Mannheimia haemolytica (MH) at the time of feed- 
yard arrival on nasopharyngeal colonization by wild- 
type MH in calves. 
Animals— 200 calves. 

Procedure — Calves from Arkansas (AR calves; 
n = 100; mean body weight, 205 kg) were purchased 
from an order buyer barn. Calves from New Mexico 
(NM calves; n = 100; mean body weight, 188 kg) were 
obtained from a single ranch. Calves were transport- 
ed to a feedyard, where half of each group was 
exposed intranasally with LktAdeficient MH at the 
time of arrival. Calves were observed dairy for respi- 
ratory tract disease (RTD), and nasal swab specimens 
were collected periodically to determine nasopharyn- 
geal colonization status with MH. Serum samples 
were assayed for antibodies to MH. 
Results— 15 AR calves had nasopharyngeal coloniza- 
tion by wild-type MH at the order buyer barn, where- 
as none of the NM calves had nasopharyngeal colo- 
nization. Intranasal exposure to LktA-deficient MH 
elicited an increase in serum antibody titers against 
MH in NM calves, but titers were less in NM calves 
treated for RTD. Exposure of NM calves to LktA-defi- 
cient MH offered protection from nasopharyngeal col- 
onization by wild-type MH. 

Conclusions and Clinical Relevance— Exposure of 
calves to LktA-deficient MH elicited an Increase in 
serum anubody titers against MH end decreased colo- 
nization of the nasopharynx by wild-type MH. Earlier 
exposure would likely allow an immune response to 
develop before transportation and offer protection from 
nasopharyngeal colonization and pneumonia caused by 
wild-type MH. {Am J Vet Res 2003;64:680-686) 



Mormheimia har.mnlytica (MH) inhabits the tonsils 
and nasal passages of healthy cattle as a minor 
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component of the normal bacterial flora. 10 After trans- 
port or during viral-Induced illnesses, MH serotype Al 
can undergo a rapid selective growth in the nasophar- 
ynx. This selective and substantial rx>pulation increase 
is a likely prerequisite for the onset of pneumonic pas- 
teurellosis. 47 An experimental parenterally adminis- 
tered MH bacterin inhibited colonization of the 
nasopharynx by MH 4 In a previous experiment, 6 calves 
were vaccinated intranasally with a modified- live MH 3 
days before transport to a feedyard, followed by pro- 
phylactic administration of antimicrobials at the rime 
of arrival. The .medication inhibited colonization by 
the vaccine strain of MH, and serum antibody titers 
against MH were decreased. 8 The study was designed to 
determine the effect of intranasal exposure of carves (at 
the time of arrival at the feedyard) to a live leukotoxin 
(LktA)-dcficient MH on colonization of the nasophar- 
ynx by wild-type MH. 

Material* and Methods . 

Experimental design — Calves from Arkansas (AR 
calves; n » 100; body weight range, 175 to 241 kg, mean body 
weight, 205 kg; 54 bulb and 46 steers) were accumulated at a 
load order buyer bam on day -1. Calves were given sequential 
ear tag numbers as they were processed Fifty carves (alternate 
sequentially numbered pairs) were vacciratedwim^ 
live virus varrirtr' that contained infectious bovine rhino tra- 
cheitis virus, bovine viral diarrhea virus types I and n, parain- 
fluenza 3 virus, and bovine respiratory syncytial virus. All 
calves were transported by truck to the feedlot at the Clayton 
livestock Research Center on day -1 and arrived on day 0. At 
the time of arrival. 50 odd-numbered calves (25 virus-vacci- 
nated and 25 nonvaccinated) were exposed Intranasally with 
live MH serotype 1 (exposed carves). The MH used for expo- 
sure had an approximate 1-kilobase deletion in the UttA gene 
encoding for leukotoxin (LktA-deficient MH). 9 This MH 
expresses and transports an inactive but immunogenic prod- 
uct, approximately 6o kT>a molecular weight, from the partial- 
ly-deleted IfctA gene. The culture (33 X 10 T colony^orrning 
uulisftuL) was given intranasally (2 mi/nostril) with an auto- 
matic Injector-drencher. 1 * The nozzle nf the Injettor-cUencber 
was constricted to enhance projection of the effluent stream. 

Calves from New Mexico (NM calves; n = 100; body 
weight range, 146 to 234 kg; mean body weight, 188 kg) orig- 
inated from a single ranch. On day -i at the ranch, calves were 
given sequential ear tag numbers as they were processed 
Alternate sequentially numbered pairs were vaccinated with 
the modmed-Uve virus vaccine. All calves were transported by 
truck to the feedlot at the Clayton livestock Research Center 
on day 0 and arrived on day 0. At the time of arrival, 50 odd- 
numbered calves (25 virus-vaccinated. 23 nonvacclnated) 
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were exposed intmnasally with the LktA-deficient MH by the 
same procedure that was used For AR calves. 

At the time of arrival, all calves received SC vaccination 
with a clostridial antigen' and treatment for parasites. d Calves 
were weighed, branded, horn tipped, and received an Injec- 
tion* containing vitamins A and D r Bull calves were castrat- 
ed. Calves were randomly assigned to 16 pens (12 to 13 
calves/pen), within the constraints determined for each pen. 
Two pens contained exposed AR calves, 2 pens contained 
uuuexposed AR calves, 2 pens contained exposed NM calves. 

2 pens contained nonexposed NM calves, 4 pens contained 
exposed AR and NM carves (mixed pens), and 4 pens con- 
tained nonexposed AR and NM calves (mixed pens). All pens 
contained a balanced number of virus-vaccinates and nonva- 
ccirmtes. Calves vaccinated with the modified-live virus vac- 
cine were vaccinated with a modified-live bovine respiratory 
syncytial virus vaccine 1 on day 12. 

Feed was provided for ad libitum consumption, and a 
continuous supply of water was available. Calves were moni- 
tored dairy for clinical signs of respiratory tract disease 
(RTD). Clinical signs included nasal or ocular discharge, 
labored breathing, lethargy, and emaciated body condition. 
Calves that had clinical signs of RTD were taken to a process- 
ing facility, and those with a rectal temperature > 39.7°C 
received medical treatment. Calves were given rihni rosin* 
CIO mg/kg, SC) for the first treatment and Borfenicol 11 (40 
mg/kg, SO and flunixin mcguhnine 1 (10 mg/kg, IM) for the 
second treatment, if necessary. A third treatment, enroftoxadn 
' (10 mg/kg, SC) , was given if necessary. Additional treatments 
consisted of repeating the first 3 treatments. After each treat- 
ment, calves were returned to their pens. 

All calves were weighed and rectal temperatures were 
recorded on days 0, 1, 6, 12, 19, and 33. Calves that had rec- 
tal temperatures > 39.7°C but had not been removed because 
of clinical signs of RTD were not treated. At the feedyard, 
pens of calves entered the chute for processing in an estab- 
lished sequence to control the spread of MH and viral expo- 
sure during processing. First to be processed were nonex- 
posed NM calves from the nonmixed pens, then all nonex- 
posed calves from the mixed pens, and then nonexposed AR 
calves from the nonmixed pens. The crowding pen, working 
alley, and squeeze chute were then disinfected with a spray/ 
After disinfection, exposed calves from nonmixed and mixed 
pens were processed in the same order as nonexposed calves, 
after which the handling equipment was again disinfected. 

Nasal swab specimen and blood sample collection and 
baeteriologk culture— Nasal swab specimens were collected 
from all calves at the order buyer barn or ranch (day -1) and 
at the feedyard on days 1, 6, 12, 19, and 33. Blood samples 
were collected on the same days (except for day I) to obtain 
serum samples. Nasal swab specimens were obtained by 
inserting 1 cotton-tipped swab into each ventral nasal mea- 
tus. Each pair of swabs was placed in a dry tube, sealed, and 
stored on dry ice for transport to the National Animal Disease 
Center, where they were stored at -70°C. For analysis, nasal 
swab specimens were applied to blood agar base 1 plates con- 
taining 5% bovine blood, using a constant procedure to form 

3 zones of decreasing growth. Zone 3 was an approximate 
160-fold (mean, 161,3 ± 44.3-fold) dilution of zone I. 
Cultures were incubated overnight at 37'C, and MH colonies 
were identified and sero typed. 11 " The LktA-deficient MH was 
nonhemolytic, in contrast to the hemolytic wild-type. Serum 
antibody titers were determined by use of an indirect hemag- 
glutination procedure." A calf was considered to have 
nasopharyngeal colonization by MH if the nasal swab speci- 
men had positive bacteriologic culture results for MH. 

Statistical analyses — The effect r»r LktA-deficient MH 
exposure on isolation of wild-type MH and on the proportion 



of carves treated was evaluated by x 2 and logistic regression 
analyses. The proportion of calves treated anytime, on day 2 
or later, and on day 6 or later was evaluated. Potential con- 
founding variables analyzed in the logistic model included 
source of calves, pen identification number, vaccine virus 
administration, and whether they were in a mixed pen. 
Results from die most parsimonious model are presen ted for 
the 3 dependent variables. A value of P < 0.05 was considered 
significant 

Results 

Effects of exposure on RTD — No deaths occurred 
as a result of RTD. Most calves (73.5%; 147/200) were 
treated on at least 1 day. Sixty-two NM calves and 85 
AR calves were treated on at least 1 day with antimi- 
crobials (Table 1). All but 24 treatment days occurred 
on day 6 of feed or earlier. More AR calves than NM 
calves were treated on day 6 or earlier (Fig 1). Calves 
that were exposed to LktA-deficient MH were signifi- 
cantly less likely to be treated after day 6 on feed, com- 
pared with nonexposed calves (37.5% 19/24] vs 62.5% 
[15/241, respectively). This effect was most notable in 
NM calves. Exposure had no effect on the proportion 
ol calves treated on day 6 of feed or earlier. Fmdings on 
logistic regression models revealed that the exposure to 
LlitA-dcficient MH decreased the probability of treat- 
ment on day 6 or later, btit not on day 2 or later (odds 
ratio, 0.43). The model included the covariates of 
source (New Mexico or Arkansas), whether calves 
were from a mixed pen, and whether calves had 
received the virus vaccine. 

Colonization by MR — Colonization of the 
nasopharynx by wild-type MH was influenced by origin, 
exposure to LktA-deficient MH, and whether calves were 
kept in a mixed pen. Fifteen AR carves had colonization 
by wild-type MH at the order buyer barn, whereas none 
of the NM calves had colonization by wild-type MH at 
the ranch (Table 2 and 3; Fig 1). On the first day after 
arrival (day 1), 43 to 83% of the AR carves from each 
mixed pen and 50 to 77% of the AX calves from each 
nonrnixed pen bad nasopharyngeal colonization by wild- 
type MH, The infection spread to NM calves from mixed 
pens and peaked at day 12. Wild- type MH was recovered 
from nonexposed NM calves from mixed pens by day 6, 

Table 1— Calves treated for respiratory tract disease with antimi- 
crobials 



Calves 



Source Exposed* Mkedt 



Total 

Total No. No. treated 



Arkansas 
Arkansas 

Arkansas 
Arkansas 



Yes 
Yea 

No 
No 



New Mexico Yes 

New Mexico Yes 

Now Mexico No 

New Mexico No 



Yes 
No 

Yes 
No 

Yes 
No 

Yes 
No 



24 
26 

2fi 
24 

26 
24 

U 
28 



21 
24 

22 
18 

19 
18 

17 
8 



•Exposed intranasallyto Bvo Mannhetnifa haemolytica serotype 1 
with a delation in the tlctA gene encoding for leukntoxin at the time 
of arrival at a feedyard In New Mexico. tHaid in same pen with 
calves from the other source. 
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hut was not recovered from exposed NM calves from 
mixed pens until day 12. Wild-type MH was not recov- 
ered from none* posed NM calves from nonmixed pens 
until day 12. Isolation rates seemed to peak around day 
33, but no data are available beyond day 33. One day 



60 
50 
40 
30 
20 
10 



-ARM* 
-ARM* MX 

-NM Mx 

•NMnctMx 





12 

Days on fowl 



10 



S3 



Payee i —isolation rata of wild-type Mannltelmia haemolytica 
(MH) by aource and pen (mixed or nonmixed). Calves were ran- 
domly assigned to 16 pens, with 12 to 13 calves in each. Four 
pans contained only calves from Arkansas (AR calves), and 4 
contained only calves from New Mexico (NM calves). Four pans 
contained exposed AR calves and exposed NM calves (mixed 
pens), and 4 contained nonexposed AR calves and nonexposed 
NM calves (mixed pens). Mx ~ Mixed pen. 

Table 2— Effects at the time of feedyard arrival of intranasal 
exposure of calves from Arkansas with UctArdeficient 
Mannhetmia haemolytica (MH) and of placement in pens with 
carves from New Mexico (mixed pens) on the recovery or wild- 
type and LktA-deficierrt MH from nasal swab specimens 



Naotothee 
with aasophajynceal 
colonization 



Exposes 


if 


Day of 
study 


No. of 
calves 




I UctA-daficisnt 
MH 


Yes 


Yes 


-1 


24 


6 


0 


Yes 


No 


-1 


26 


3 


0 


No 


Yes 


-1 


28 


3 


0 


No 


No 


-1 


24 


4 


0 


Yes 


Yes 


1 


24 


8 


«• 


Yes 


No 


1 


26 


14 


12* 


No 


Yes 


l 


26 


15 


0 


No 


No 


1 


24 


14 


0 


Yes 


Yes 


6 


24 


6 


3 


Yes 


No 


e 


26 


4 


0 


No 


Yes 


6 


28 


7 


0 


No 


No 


6 


24 


8 


0 


Yes 


Yes 


12 


24 


6 


2 


Yes 


No 


12 


26 


3 


0 


NO 


Yes 


12 


26 


7 


0 


No 


No 


12 


24 


7 


a 


Yes 


Yes 


13 


24 


6 


2 


Yes 


No 


19 


26 


4 


0 


No 


Yes 


19 


26 


6 


0 


No 


No 


19 


23 


9 


0 


Yes 


Yes 


33 


24 


3 


0 


Yes 


No 


33 


26 


1 


0 


No 


Yes 


33 


26 


2 


0 


No 


No 


33 


23 


7 


0 



•Significantly [P < 0J)5) greater than number of nonexposed 
calves 



after intranasal exposure to LktA-deficient MH, wild- 
type MH was isolated from 51 AR calves (22 exposed and 
29 nonexposed), whereas the UctA-deflcient MH was 
isolated from 23 of 50 exposed AR calves. The LktA-defi- 
clent MH was isolated Iiom 26 of 50 exposed NM calves 
on day 1 and from 13 of 50 exposed NM calves on day 6. 
None of the nonexposed calves had nasopharyngeal col- 
onization by LktA-deficient MH during the trial. Given 
that NM calves were exposed at the feedyard and AR 
carves seemed to bring infection to the feedyard, NM 
calves could be viewed as the study population for deter- 
mination of the effect of LktA-deficient MH. Isolation of 
wild-type MH on day 6 or later was significantly lower in 
all exposed calves, compared with nonexposed calves 
(30.9% 129/941 vs 69.2% 165/941, respectively). No wild- 
type MH was isolated from exposed NM calves from non- 
mixed pens. Wild-type Mil was isolated from only 42% 
(21/50) of exposed NM carves from mixed pens. On the 
basis of the logistic regression model, die odds of recov- 
ering wild-type MH were 5-fold less for exposed calves 
than nonexposed. 

Effects of antimicrobial treatment on MH isola- 
tion—The first treatments for RTD were administered 
on day 1. On day 6, MH was isolated from 19 of 61 treat- 
Table 3 — Effects et'the time of feedyard snivel of intranasal 
exposure of calves from New Mexico with LktA-deficient MH 
and of placement in pens with calves from Arkansas (mixed 
pens) on the recovery of wiioVtype and LktA^Jef icient MH from 
nasal swab specimens 



Expose 


Mixed 
d pen 


Day of 
study 


No. of 
oalves 


No. of carves 
with nasopharyngeal 
colonization 

m ^T LktA t5f i8nt 


Yes 


Yes 


-1 


26 


0 


0 


Yes 


No 


-1 


24 


0 


0 


Nd 


Yes 


-1 


24 


0 


0 


No 


No 


-1 


26 


0 


0 


Yes 


Yes 


1 


26 


0 


16* 


Yes 


No 


1 


24 


0 


10* 


No 


Yes 


1 


24 


4 


0 


No 


No 


1 


26 


0 


0 


Yes 


Yes 


6 


26 


5 


r 


Yes 


No 


6 


24 


0 


6* 


No 


Yes 


6 


24 


7t 


0 


No 


No 


6 


26 


0 


0 


Yes 


Yes 


12 


26 


5 


3 


Yes 


No 


12 


24 


0 


3 


No 


Yes 


12 


24 


lit 


0 


No 


No 


12 


26 


5 


0 


Yes 


Yes 


19 


26 


5 


0 


Yes 


No 


19 


24 


0 


1 


No 


Yes 


19 


24 


8* 


0 


No 


No 


19 


26 


11S 


0 


Yes 


Yea 


33 


26 


2 


0 


Yes 


No 


33 


24 


0 


1 


No 


Yes 


33 


24 


St 


0 1 


No 


No 


33 


26 


13St 


0 


•Sigrrificefttly iP < 6.05) greater than number of nonexposed 
calves. tSignrficantiy {P < 0.05) greater than number ct carves from 
nonmixed pens. JSignfficentfy (P < 0X5) greater than number of 
exposed calves from nonmixed pens. SSgnmoanfly [P ' < pJKj 
greater than number of exposed calves. iStgnrncarray (P < 0JB) 
greater than number of exposed calves from mixed pens. 
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Table 4— Isolation of all MH (delation mutant and wild-type) from 
nasal swab specimens of calves treated and untreated for respi- 
ratory tract disease within 6 days prior to specimen collection 



No.ofcalvM* 



Source 


Day of study 


Treated 


Not treated 


Arkansas 


8 


mi 


a/19 


Arkansas 


12 


0/21 


25/7$t 


Arkansas 


19 


0/13 


25/87 


Arkansas 


33 


oyo 


13/100 


Now Mexico 


6 


V41 


aywt 


Now Mexico 


12 


cvs 


25/95 


Now Mexico 


19 


Via 


23/82t 


Now Mexico 


33 


Q/O 


22/100 



Total number of calves from which MH was Isolated over num- 
ber of calves that were treated or not treated. tMH Isolated from 
significantly (P < 0.05) more untreated caWes than treated calves. 



■IktA- MH +TflMt * 
■SstA- MH + TfMlD 

atttA-UHOTn«» 

■IktA- MM O \ttM P 




Figure 2— Geometric mean fct SE) serum arrdbody titers of AR 
calves against MH as determined by means of an indrect 
hemagglutination (I HA) inhibition asaey.lktA-MH + = Calf 
exposed intranasal^ at the time of fee ova rd arrival to 6vo MH 
serotype 1 that had a deletion in the IktA gene encoding for 
leukotoxin. IktA-MH 0 = Calf not exposed. Treal + = Celf Seated 
for respiratory tract disease during days 1 to 5 of study. Treat 0 
s Calf not treated during days 1 to 5. 

ed calves and from 8 of 19 calves that were not treated 
during days 1 to 5. On days 12, 19, and 33, MH was not 
isolated from 34 nasal swab specimens of calves that 
were treated within 7 days before sample collection, but 
MH was isolated from 66 of 266 nasal swab specimens 
of untreated calves (Table 4). Treatment for RTD during 
days 1 to 3 significantly decreased the number of NM 
calves from which MH was isolated on day 6. 

Serotypes of MH isolates— Two serotypes of wild- 
type MH, Al and A2, were isolated from bactertologic 
cultures of nasal swab specimens. At the order buyer 
barn, 11 of 26 isolates from AR calves were serotype 
A2, whereas no MH was isolated from NM calves at the 
ranch. In the feedyard, serotype Al comprised 123 of 
134 (93%) of all wild-type MH isolates from AR calves 
and 81 of 93 (87%) of the wild-type isolates from NM 
calves. Most of the wild-type serotype Al MH colonies 
tested were resistant to kanamycin. 11 

Serum antibody liters against MH — Serum anti- 
body titers against MH were determined by an indirect 
hemaggrotination procedure. Serum antibody titers of 
AR calves increased by day fi, but serum antibody titers 




Figure 3— Geometric mean (± SE) serum antibody titers of NM 
calves against MH as determined by means of an IHA inhibition 
assay, See Figure 2 for remainder of key. 

against MH between exposed and nonexposed calves 
were not signmcantly different (Fig 2). Treatment for 
KTD during days 1 to 5 did not inhibit the development 
of serum ant ibody titers against MH by day 6. However, 
serum antibody titers against MH of nonexposed AR 
calves that were not treated were significantly lower 
than those of the other groups on days 6 and 12. 

Serum antibody titers against MH of NM calves 
increased by day 6, and serum antibody titers of 
exposed NM calves were significantly greater than those 
of nonexposed calves through day 19 (Fig 3). From 
days 12 to 33, exposed NM calves that were treated for 
KTD during days 1 to 5 had significantly lower serum 
antibody titers against MH than those of untreated 
calves. Serum ani fljody titers of nonexposed NM calves 
that were not treated were significantly lower than 
those of the other groups on day 12 but were signifi- 
cantly greater than nonexposed treated calves by day 
33. Nonexposed NM calves from mixed pens developed 
greater serum antibody titers against MH than those of 
nonexposed NM calves from nonmixed peris through 
day 19. By day 33, serum antibody titers of nonexposed 
NM calves were no longer significantly different 
between calves from mixed and nonmixed pens. 

Discussion 

Acute RTD, in the form of an acute pneumonic pas- 
teurellosis, usually develops in transported calves with- 
in the first week of arrival at the feedyard and was 
found in the calves of our study. Mannheimia haemolyt- 
ica inhabits the tonsils and nasal passages of healthy 
cattle as a minor component of the normal bacterial 
flora. 1 * 5 After transport, MH serotype Al can undergo 
rapid selective growdi in the itasopharynx" which was 
also found in the carves of our study. In our study, 2 
groups of calves (1 from Arkansas and 1 from New 
Mexico) were brought to a common feedyard, where 
half of each group was placed in pens with calves from 
the other source and half of each group was not. At least 
15 AR calves had colonization of the nasopharynx by 
MH serotype Al before transport, and 51 AR carves had 
colonization on day 1 after transport. However, NM 
calves appeared to be tree of MH colonization, because 
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none had positive bacteriologic culture results for wild- 
lype MH before transport or on day 1. This presented an 
opportunity to study the effect of exposure to LktA- 
deficient MH on wild-type MH colonization of calves 
with and without preexisting MH infections. 

Spread of wild-type MH infection was influenced by 
preexisting MH infections, exposure to LktA-dcficiem 
MH, placement of uninfected calves in pens with calves 
that had colonization of the nasopharynx by MH, and 
treatment for BTD. Because many of the AR calves 
already had colonization of the nasopharynx by wild- 
type MH, results of the LktA-defident MH exposure 
were more evident in the NM calves. Exposure to LktA- 
dehcient MH at the time of arrival inhibited colonization 
by wild-type MH in NM calves from nonmixed pens, 
whereas some nonexposed calves had colonization of 
the nasopharynx by MH within 12 days, even though 
they had not been placed in pens with AR calves. 

Tilmicosin and florfenicol are used to treat RTD. 
Both antimicrobials inhibit colonization of the 
nasopharynx by MH for several days after administra- 
tion* 10,14 In our study treatment did not significantly 
decrease the number of AR calves with detectable col- 
onization on day 6. However, most treated calves were 
shedding less MH organisms than untreated calves. 
With the procedure used to streak the agar plates to 
create 3 zones of a decreasing number of colonies, zone 
3 is an approximate 160-fold dilution of zone 1. Of the 
19 treated calves from which MH was isolated on day 
6, bacteriologic culture results of nasal swab specimens 
revealed that 4 calves had only 1 detectable MH colony 
in zone 1, 6 calves had multiple MH colonies in zone 1 
only, 7 calves had MH colonies in zone 2, and 2 calves 
had MH colonies in zone 3. Of the 6 untreated calves 
from which MH was isolated on day 6, bacteriologic 
culture results of nasal swab specimens revealed that 1 
calf had MH colonies only in zone 1, 2 calves had MH 
colonies in 2one 2, and 5 calves had MH colonies in 
zone 3. The number of untreated calves with MH 
colonies in zone 3 was significantly greater than that of 
treated calves. 

In the AR calves, serum antibody titers against MH 
increased by day 6 with no significant differences in 
geometric mean titer between exposed and nonex- 
posed calves. Serum antibody titers against MH of 
untreated nonexposed calves were less than those of 
the other groups. Serum antibody titers against MH of 
exposed untreated calves were greater than those of 
nonexposed untreated calves, supporting the probabil- 
ity that exposure elicited an increase in serum antibody 
titer. In the NM calves, exposure elicited significantly 
higher serum antibody titers against MH, compared 
with nonexposed NM calves. 

Because a dramatic selective increase in the MH 
population of the nasopharynx is a prerequisite for the 
development of pneumonic pasteurellosis,. inhibition 
of colonization of the nasopharynx of calves by MH is 
a desirable goal to seek in order to control the disease. 
One method of inhibition was the prophylactic use of 
tilniicosin or florfenicol before transport or at the thnc 
of arrival at the fecdyard* M Another was by vaccina- 
tion with an experimental MH serotype Al bacterin 
made by growing the bacteria in the presence of bovine 



lung lavage and spleen cells/ The MH organisms 
grown in bovine cellular material may produce some of 
the same antigens that they would produce in vivo. 
Exposure to live attenuated MH intranasally would 
allow the bacteria to produce the products necessary 
for survival in the host and the host to produce anti- 
bodies against these products. In our study, calves were 
exposed to live attenuated Mil that colonized the 
nasopharynx. Even though the exposure was not given 
early enough to allow immune responses to develop 
before contact with wild-type MH, an antibody 
response to the attenuated MH and some protection 
against colonization by wild-type MH were observed. 

One drawback to vising live bacteria as a vaccine 
for RTD at the time of arrival at the feedyard is that 
antimicrobial treatment for RTD would inhibit its 
growth in the host and result in a decrease in the anti- 
body response. aj4 In our study, the first treatments for 
RTD were given 1 day after arrival at the feedyard, 
which was 1 day after exposure Treatment caused the 
development of serum antibody titers to be decreased 
in exposed and nonexposed NM calves. Presumably, 
the decrease in the development of serum antibody 
titers against MH was caused by suppression of natur- 
al MH infection by the treatment. 

In our study, intranasal exposure of calves to LktA- 
dencient MH atlhe time of arrival at the feedyard 
increased serum antibody titers to MH and decreased the 
amount of colonization of the nasopharynx by wild-type 
MH. Therefore, it would seem that exposing calves to 
LktA -deficient MH at an earlier time to allow an immune 
response to develop before calves are stressed by trans- 
port to a feedyard could offer protection from coloniza- 
tion and from pneumonia caused by wild- type MH. 
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■tydectin, Fort Dodge Airfmal Health, Fort Dodge, Iowa. 

«Vitfl Jec A and D, RXV Products, Grapevine, Tex. 

'Titanium BR5V, Agri Laboratories Ltd, St Joseph, Mo. 

"Mlcorli. Elanco Animal Health, Indianapolis. Ind. 

^Nuflor, Schering-Plough Corp, Kcmhvorth, NJ. 

•Banamine, Schering-Plough Corp, Kenilworth, NJ. 

j Baytrll, Bayer Corp, Shawnee Mission, Kan. 

H-ysol IC, Racket and Coleman Inc. Montvale. NJ. 

•Bacto blood agar base, Difco Laboratories Inc, Detroit, Mich. 

"Kanamydn A, Sigma Chemical Co, St Louis, Mo. 
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